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ABSTRACT: This study describes the diversity of DRwG and DR5 haplotypes in the American black

population using serology. cellular typing. and restriction fragment length polymorphism (RFLP)
analysis. DRwG (DRl 3 and DR1w14) and DR5 (DRuw11 and DRu:12) haplotypes are observed
at a high frequency in this population (DRwG: 32%. DR5: 30% ). Many of these haplotypes
express undefined HLA-D specificities and unusual DQund DRuw52 associations which previonsly
bave not been well characterized or reported (e.g.. DRuwl3. DQu5. DRw52¢. D-: DRuwl 3.
DQu2. DRw52a. D-;: DRl 1. DQu'S. DRuw52c. D-1. Serologic analysis of class 1 alleles in
American blacks suggests the presence of DRwl3. DRuwll and DQuG allelic variants and
demonstrates the difficulty in defining DRuwG and DRS in this population. The class 11 genes
from four American black families expressing many of the norel DRu:13. DRuw14. DRwl 1, and
DRuw12 haplotypes defined by serology and mixed lenkocyte culture were further characterized by
RFLP analysis. The data presented bere along 1ith ather published data identify at least eight
DRuw13 baplotypes (DRuw13A—DRuwl3H) in the buman population. Five of these baplotypes
exhibit an undefined HLA-D specificity. Three DRw14 baplotypes (DRw14A-DRw14C) and
eight DR5 haplotypes (DRl 1A~DR1l 1E and DRu12A—DR1:12C) were also identified. The
novel DRuG and DR5 haplotypes observed in American blacks may arise from differences in
DRBI1.DQA1. and DQBI genes as well as from differences in the combinations of alleles of these
genes encoded by a haplotype. The serologic and RELP analyses suggest that some DRwl3 and
DRuwl1 haplotypes represent transitional steps between DRu13 and DRw1l in the evolutionary
pathiway which generated the DRw52 fumily.

ABBREVIATIONS
B-LCL B-lymphoblastoid cell line IHWS International Histo-
FCS fetal calf serum compatibility Workshop
"HTC <homozygous typing cell ™~ "RFLP restriction fragment length
polymorphism
INTRODUCTION

The class 1 region of the human major histocompaubilicy complex encodes highly

polymorphic heterodimeric (« and B) cell surface glycoproteins (DR, DQ, and |
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DP), which function in the inductuon of the norma! immune response [1] and are
responsible in part for allograft rejection {2} and autoimmune disease susceptibil-
ity {3]. The polymorphic residues of the class Il polypeptides are localized to the
amino terminal domains and are clustered into variable regions In the predicted
three-dimensional scructure of the class {1 molecule, the ma;onty of the polymor-
phic sites reside in the antigen-binding T-cell receptor recognmon site suggesting
the importance of chese residues in concrolling antigen recognition and allograft
rejection {4].

HLA-D regions that encode molecules carrying DRw5 2 serologic determinants
share general structural features suggesting a common origin. The DR subregion
of rhost of these haplotypes encodes one noanpolymorphic a gene (DRA) and
three DRB genes [5]. One highly polvmorphic 8 gene, DRBI1. controls the
expression ot molecules exhibiung DR, 5, w6, and w8 serologic specificities [6].
A second, less polymorphic B8 gene, DRB3, concrols the expression of DRwS2a,
52b, and 52c molecules {7]. The third is a pseudogene, DRB2. The DQ subregion
encodes one set of expressed a and B genes (DQAL and DQB1) controlling
the expression of molecules with DQwIl-w4 serologic specificities as well as
nonexpressed genes (DQA2 and DQB2) {6]. The DRBI1, DRB3 and DQ alleles
are often nonrandomly associated with each other forming haplotypcs, a phenome-
non called linkage disequilibrium. For example, in northern European popula-
tions, DRwO alleles tend to be inherited with DQw1 and DRSS alleles tend to be
inherited with DQw3. DRwG and DRSS alleles are always associated with a DRwS2
allele.

The polymorphism of the class Il molecule? was originally defined using serol-
ogy and mixed leukocyte culture. Historically, haplotypes exptessing DRwG6 and
DRS5 alleles have been difficult to define with serologic reagents {8—11}. For
example, DRw6 alleles were frequently defined by their association with DRw52
and DQwI1 and by their patterns of reactivity with multispecific alloantisera.
During the Ninth and Tenth International Histocompatibility Workshops
(IHWS), DRw6 and DRS were redefined and subdivided in terms of serologic
(DR and DQ) and cellular (HLA-D) specificities. At least four well-defined haplo-
types were defined for DRw6: DRw13, DQw6, Dwi8; DRwl3, DQw6, Dwl9;
DRw14, DQwS5, Dw9; and DRw14, DQw7, Dwl6 {8,9]. (DQw5 and DQw6 are
subdivisions of DQwl1; DQw7 is a subdivision of DQw3.) At least two well-
defined haplotypes were defined for DR5: DRwll, DQw7, Dw5 and DRwl2,
DQw7, DwDBG (10,11]. Nevertheless, the distinctions among DRwl3, DRwl 1,
and DRw12 have remained unclear when cells express either variant DR alleles or
the more uncommon DR/DQ allele associations (e.g., DRwl3, DQw7; DRwl |,
DQw5; DRwl2, DQw5).

The difficulty in defining DRw6 and DRSS is particularly evident when non-
Caucasian populations have been studied. This problem is acute in the American
black population where DRw6 and DRS are observed at a high frequency. The
problem 1s compounded by this high frequency since many individuals express
two DRw6 and/or DRS haplotypes. Many of the DRwO6- and DR 5-related haplo-
types in blacks have not been previously described and express undefined
HLA-D specificities and unusual DR/DRw52/DQ associations. Alloantisera were
used to differentiate DRw13, DRwll and DQwO variants and to demonstrate the
complexity of the serologic typing of these HLA alleles. To analyze these DRw6
and DR haplotypes further at the genomic level, four American black families
expressing six DRwG haplotypes and five DRS haplotypes were selected for
restriction fragment length polymorphism (RFLP) analysis. Using the Southern
hybridization technique with locus-specific probes, DNA restriction fragments
from these individuals were compared to DRw6 and DRS homozygous typing
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cells (FITCs) defining the more commoa DRw6 and DRS haplowypes found n
norchern European populations. The serologic, cellular, and RFLP data have
identified ac least 11 DRwG6 haplotypes (DRwl3A-DRwlI3H and
DRwi4A-DRw14C) and eight DRS haplotypes (DRwlIA-DRwIIE and
DRw12A-DRw12C) in the human population. As compared to previously de-
fined DRwG and DRSS haplotypes, the novel DRw6 and DR S haplotypes observed
in American blacks may arise from differences in DRB1, DQAL. and DQBI
genes as well as from differences in the combinacions of alleles of these genes
encoded by a haplotype. The evolutionary relationship between DRwl3 and
DRwl1 is clearly evident in this analysis.

!

MATERIALS AND METHODS

HLA typing. Lymphoctyes were separated from peripheral whole blood on a
Ficoll-Hypaque gradient. Lymphocytes were typed for HLA-A, -B. -C, -DR, and
-DQ using the 10ch IHWS alloantisera sec as well as a set of alloanasera selected
from our own collection and from colleagues. HLA-A, B, C specihicities werce
determined as described by Sullivan and Amos {12]. For the determinaton of
DR and DQ specificities, immunoglobulin-positive cells were selected positively
by using an affinity purified goat anti-human F(ab); monolayer after carbonyl tron
treatment to remove macrophages. Immunoglobulin-posiave B cells were cluted
and the DR and DQ specificities analyzed by usiag a microcytotoxicity assay {131

HLA-D region antigens were defined in primary mixed lymphocyte cultures
utilizing HTCs analyzed in IHWS and locdl typing cells [14]). Fifty thousand
responder cells were cc mbined with 5 X 107 gamma-irradiated stimulator cells
in criplicate cultures in 96-well U-bottom plates. After 4 days, each culcure was
pulsed overnight with 1 uCi (5 Ci/mmol) of [*H]thymidine and harvested onto
glass fiber fileers {15]. Radiolabel incorporation was monitored by liquid scinulla-
ton counting. Data were statistically analyzed using the 75th percentile double
normalized value according to Kyder et al. {10].

Lysostripping. The lysostripping technique was employed to determine which
class 11 molecule reacted with a given alloantiserum. Purified B lymphocytes or
B-lymphoblastoid cell lines (B-LCLs) were reacted with a monoclonal antibody
specific for cither DR (L203), DQ (33.1), DP(B7/21) [17], or $-2 microglobulin
(MB40.5) (Atlantic Antbodies, Scarborough, ME) for 30 min at 24°C o remove
(i.e., lysostrip) the given molecular subset of molecules from the cell surface,
temporarily cendering che cell unsusceptible to lysis by a second antibody directed
against that same molecular subset. The cells were washed twice in RPMI 1640
plus 10% fetal calf serum (FCS) and the cell count was adjusted to 2 x 10“/ml.
The cells were immediacely tested by a standard microcytotoxicity assay using
dilutions of the test antiserum as well as using dilutions of alloantisera known to
react with DR, DQ, or DP as positive controls for the lysostripping procedure.

DRw52 subtyping. DRwS2 subtypes were determined by a combinaton of RFLP
analysts and T-cell clone typing. Haplotypes expressing DRwS2b carry a 12-kb
Taql/DRB3 DNA restriction fragmeat while haplotypes expressing DRwS2a or
DRw5S2¢ carry a 9.6-kb Taql/DRB3 fragmene [18]. T-cell clones specific for
Dw295 (DRw92b) and Dw26 (DRwS2¢), generated locally, were chacacterized
againsc the 10ch IHWS reference panel of B-LCLs. DRw92a was assigned by the
presence of 29.6-kb Taql/DRB3 fragment and/or the lack of stimulation of either
Dw25- or Dw26-specific T-cell clones. Methods for generating T-cell clones have

been previously described [19].
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TABLE 1| American black tamilies used in che RFLP analysis
2015 a A2 C-  B45 (w6) D-  DRwll DRWS2¢  DOWS  OPw2
b Aw33 Cw3 B27 (w4) D-  DRwll DRwS2b  0Qw?  DPw3
1183 ¢ W Pw
d A32 Cw8 Bw6d (w6) O0-  ORwil DRwS2a  DQw?  DPwl
Famity
004 1179 a/b - - Pw
c A30 Cw8 87 (ws) NT  DRwi2 DRwS2a  DQwS  DPwl
1180 & A2 C- P45 (wh)__D-  DRwill DRwS2c  DOwS _ DPw?
c A3 C- B7 (ws) NI  DRwl2 DRwS2a  DQwS  OPwl
1181 b Aw33 Cw3 B27 (w4) _D-_ DRwll DRwS2h  DOw?  DPwl
' d A32 Cw8 Bwt4 (w6) D-  DRwi3 DRwS2a  DQw?  DPwl
2011 a ol Pwd
b A2 Cwd B35 (w6) DOwl9 DRwl3.2 DRwS2c  DQws  OP-
2009 a All_ Cwl B18 (wb) Dwi8 DRwl3.l DRwS2a _ DOwE  DPwd
c Aw68 Cw6 BwS8 (wd) D-  DRwll DRwS2b  DQ- DP-
fFamily
on 2013 b A2 Cwd B35 (wf) Dwl9 DRwl3.2  DRwS2c  DOwW6  DP-
d A23 Cwd BwS3 (wd) OD-  DRwl4 DRwS2a  OQMS  OP-
2012 a All Cwl B18 (wf) Dwi8_ DRwl3,]) DRwS2a _ DOw6  DPwé
d A23 Cwd BwS3 (w4) D-  ORwld DRwS2a  DQw5  OP-
2708 ¢ eggg Cw6 BwS7 (w4) D-  DRwl3 DRWS22  DOW2  DPwl
d Aw68 CwS Bw58 (w4) NT  ORwl2 DRwS2b  DQwS  OP-
fFamily
014 1066 3 - .
d AwS8 Cw6 Bw58 (wd) KT  DRwl2 DRwS2b  DQwS  OP-
2710 b Awd6 Cw? PwS8 (wd) D- DRwl8 DRwS2a  DOwd  NT
d AwG8 Cw6 Bw58 (w4) NT  DRwl2 DRwS2b D™ NT
1129 ¢ AH_E!LML{M)_mx__m*m__pm
d Aw34 Cw6 BwS8 (w4) O-  DRwll ORwS2b  DQw?  OP-
124 b Am_m_ms_im__n;__mu___nmzn_nm_m
c All Cw3 BwS5 (W) Owl ORl 0Qws  DPwd
fFamily
021 1127 Am_m_nﬂ_%nﬂ_n__nm DOw7 _DPwl
¢ All Cw3 BwSS (w§) Dwl ORI OQwS  DPwd
1126 b . _
d Aw3d CwS Bw58 (wd) D-  DRwil DRwS2t  DQw?  OP-
2717 & A Cwé Bwid (wd) D-  DRwS DOwl _ Dp-
c All Cwd B55 (w€) Owl DRI DQwS  DPwd

Only the Gamily members used i the RELP study are listed. Since cells expressing Dwls and
Dty uce koowa o express different DRBIL allcles, these DR alleles have been desisnated
DRwi3. 1 and DRw13.2 {20.21). The haplotypes of the family members used i the seroloey
study deseribed in Tables 3 and 4 and oot liseed here are: famaly 0040 1199 (a0 e 1193 dbwaddy,
HEOS eh/o family 014 2704 Gdoy; tamily 021 1126 (b/o),

A speaficy undetined by our reagents s indicaced as - NT, not wested.

B-LCLs used in RFLP analysis. B-LCLs (Table 1) were established by transforming
peripheral blood lymphocytes with Epstein-Barr virus [22]. Purified B lympho-
cytes enriched by using magnetic beads coated with monoclonal antibodies to
remove T lymphocytes [CD7 (T3-3A 1) [23] and monocytes {CD11 (OKM1)]
[24] were incubated with Epstein-Barr virus for 2 hr at 37°C and plated in 24-
well plates [0.25 x 10%cell/well) in RPMI 1640 supplemented wicth 1595 FCS, 15
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mM HEPES, and 50 ug/ml gentamycin. After transformacion, cell concentracions
were maintained at 3 10 9 x 10° cells/ml. Transformed lines were HLA typed
after transformacion to confirm cheir identty. HLA-D region HTCs used in the
study were: APD (DKw13, DRw>2b, DQw06, Dwl18), HHK (DRw13, DRw52a,
DQw6, Dw18), ARENT (DRwl3, DRw52a, DQw6, Dwl18), SLE-005 (DRwl 3,
DRw52¢c, DQw6, Dw19), EK/OH (DRwl14, DRw52b. DQw5. Bw9); AMALA
(DRw14, DRw52a, DQw7, Dwl16), IDF (DRw11, DRw52b, DQw7, Dw3), and
BM16 (DRwl2, DRw52b, DQw7, DwDBOG). These B-LCLs were obrained from
the NIGMS Human Genetic Mutant Cell Repository, Camden, NJ. and the 10ch

IHWS panel.

Southern hybridization analysis. DNA (10 ug), prepared as previously described
{251, was digested wich restriction endonucleases (Taqgl, Pvall. BamHIL Belli,
EcoRlI, Hindlll, and Pstl) in the appropriate bufters as direcred by the manutac-
turer (New England BioLabs, Beverly, MA). Restricuon endonuclease-digesced
DNA was electrophoresed in 0.8 agarose gels in Tris-acetate-EDTA butter and
was transferred to Genetran paper (Plasco, Woburn, MA) [26]. The fileers were
hybridized with 10" cpm radiolabeled heat denatured probe as previously de-
scribed {251 and specific DNA fragments were dewected by autoradiography.
Densitometer scanning was used to estimare the intensity of hybridizaton of the
fragments. Families were used to allow the assignment of DNA fragments o
haplotypes based on segregation analysis. DRw6 and DRS HTCs were included
for comparison.

cDNA probes encoding human DR, DRa, DQgB. and DQa chains lLave
been described {25,27]. The DR short (DRB 3") probe containing only the 3
untranslated region was obtained from the full-length clone by digestuon wich
HindIll and EcoR1I. Although this 3’ probe used in the DRB RFLP study hybrid-
izes to only the 3’ untranslated region of the three DR genes and not o the
coding regions, polymorphic fragments can be idenutied which correlate wich
serologic polymorphism {28,29]. In addition, using the 3° probe, it was possible
to estimate the number of DR loci in each haplotype and to simplify the RFLP
patterns in the individuals studied. The DQa and DQg probes detecr all of che
DQ genes [25]. DNA probes were labeled with « [*?P]-dcoxycytdine triphos-
phate (3000 Ci/mmol; NEN, Boston, MA) using random hexamer priming [30].

RESULTS

DRwG and DR5 haplotypes are found at a high frequency in the American black
poprlation. A rotal of 204 American black individuals from the Washington DC
area, including 105 unrelated individuals and 17 families, have been characeerized
forHLA-A.-B, -C,-D, -DR, and -DQ. Thirty-two percent of unrelated individuals
express DRwG (26% express DRw13 and 6% express DRwl4) and 30% of
unrelated individuals express DRS (25% express DRwil and 5% express
DRw12). Fifty-nine percene of the DRwoO-unrelaced individuals and 82/ of the
DRS-unrelated individuals do not express an HLA-D specificity defined by our
reagents (i.¢., not DwI8, Dw19, Dw9, Dw106, or Dw)). ln comparison, only 8¢
of the DRw6-posituve Caucasoids and 18% of DRYS-posiave Caucasoids. on our
local cell panel express an undefined D specificity.

Some DRic13.D- haplotypes cannot be distinguished from DRwll haplotypes when
DRB1 DNA restriction fragments are analyzed. Based on the population analysis,
four American black families (Table 1) expressing six DRwO haplotypes (five
DRwl13 and one DRwl4) and five DRY haplotypes (three DRwll and two
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TABLE 2 Summary of the RFLP analysis of DRw6/5-related haplotypes in
American black families compared to related HTCs

[ I3 " i n
Ov it 19 * " H - osé (14 «
Lol J D s H 1 4 3 1 s 1 s ’ 7 s s
Onws2 . . < < s a . » ] . L] < L] . [ e .
L.t1d Lle'} L8 (e fc/on | aaia 10F -mlé
afLr family 4 0lla {0118} Oléc 004¢ 0is olid 004a 0lic 0045 004 ik
el 02ld
"ooq nEywe 2012 2013 1083 2708 ns: Has 201) 180 2009 1181 1180 106¢
oR 6.8 &8 €.8 6.3 5.9 5.9 S.§ 6.8 6.8 6.4 5.9 5.9 5.9 5.9 4.1 L 4]
bete Tag!? 12 §.€ 9.6 L 9.6 $.6 12 1 %.6 .6 12 9.6 12 12 12 v.€ 12
oR (.3}
alghe [N a5 2 4.2 s 4.2 .2 4.8 4“5 4.2 4.2 4.5 .5 &8 4.5 4. 4«2 4.9
[ 7Y..18 3.2 3.2 L1 .5 4! <) 3.4 €.1 2.4 4.1 3.4 4.8 4.1 4.1 1.4 1.¢
o 1.5 1.5 7.%
bets
Tas? 3. 3.0 s.7 L1 1.2 - - 5.7 . 5.7 - 5.7 3.9 - . s.r $.7
2.7 2.7
Ecokl 114 19 9 L1 10 15 L1} L1 L1} 19 1% 19 7.8 15 L1} 1% 15
1.8
Hinell] 8.0 8.0 8.0 (3} a8 6.0 L1 L14 Lid a.0 6.0 .0 ‘8 6.0 Lt} 8.0 eo
4.2
o0
alpha Psgt 15 15 15 i 2 2 L4 Lid " 15 €2 15 2.8 €2 «t 15 Ty
2.8 )
2.
$.$ 6.5 3.9 sl 4] 4 3.4 L) 1.4 4.) 5.9 $.1 4.3 4.3 J.¢ 3¢
Tagl z.0 2.0 2.0 L1 1.8 2.0 P 2.4 1e 2.4 1.8 2.0 1.e 1.8 1.8 2.4 2.4
2.0 2.0 1.8 1.8
Class 11 wapliotype 3 L] < [ € F € L . [ A L 4 [} A ] <

Sizes of polymorphic DNA restriction fragments associated with the haplotypes are listed. Family number.
haplotvpe. and a represencative cell are indicaced for each column (e.g., 011a = “a” haplotype of family 011
expressed by cell 2012). Haplotypes are defined as DRw13A-DRwi3G, DRwl4A-DRwI4C, DRwI1A-DRwIID,
and DRwI2A-DRw12C based on scrology, HTC typing, and REFLP analysis. Serologically defined haplocypes
DRw13H and DRwI1IE are not listed in chis able since sufficient family members were noc availabic for RFLP
analysis. HTC ARENT gives the sime restriction fragment pattern as HTC HHK with the exception of the DQA2
geae. The DRA restriction fragmene from SLE differs from that found in family 011 {indicated by () in chis eable].

A Taql/DQSB fraument, observed ac 4.7 kb, is shared by all cells. Based on intensity, DQw7-positive cells appear
to carry a second fragmene also migratng ac 4.7 kb (indicaced by ).

NT. not tested.

DRw12) were chosen for RFLP scudy. Southern blot hybridization was used to
identify polymorphic DNA restriction fragments associated with several unusual
DRw6 and DRSS haplotypes found in the families, to measure the allelic polymor-
phism within the DRw6 and DRSS haplotypes and to analyze evolutionary related-
ness among class 11 alleles. The RFLP data will be discussed in terms of haplotypes
(c.g.. DRw13A, DRw11B) as defined by serology and cellular and RFLP analysis
(Table 2).

In the comparison of DR gene fragments among families and HTCs, at leasc™”
two different DRwl 3-associated DRBI1 gene fragments were detected (Fig. 1,
Table 2). The firse fragmene, a 5.9-kb fragment, is associated with the novel
DRw!3 haplotypes tound in American blacks (haplotypes DRwI3E, DRwli3F
and DRw13G) and with the DRw1 1 haplotypes. (This fragment is also exhibited
by cells expressing DRw18 [27].) The second fragment, a 6.8-kb fragment found
in all of the DRw13 HTCs (haplotypes DRw13A, DRw13B, and DRw13C) and
DRw14 HTCs (haplotypes DRw14A and DRw14B), 1s associated with DRw13B,
DRwi3C, DRwl3D, and DRw14C haplotypes expressed by the families.
(DRwI3A is not expressed by the families under study.)

All of the DRwl1 and DRw12 haplotypes from the American black famlhes
carry the same sized DRBI1 fragments (5.9 kb for DRw11 and 4.1 kb for DRw12)
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FIGURE 1 Southern hybridizaton analysis of DRw6/5-related haplotypes in several
American black families. Genomic DN As were digested with Tagl and probed wich a DR
3" probe. HTCs: lane | = IDF(DRwi1,Dw3), lane 2 = BM 16 (DRw!2, DwDBG6), lunce
3 = APD(DRw13 Dwli8), lanc4 = HHK(DRwI3, Dwi8), lane 5 = ARENT(DRw13,
Dwl8), lane 14 = SLE-005 (DRwl3, Dw19), lanc 15 = EK/OH (DRwl14, Dw9). lanc
16 = AMALA (DRwl14, DwI0), lane 17 = ARENT (DRw13, Dwi8). Family 004: lanc
6 = 2015, lanc 7 = 1183, lane 8§ = 118(). lane 9 = 1179, lane 10 = 1181. Fanmuly 014:
lane 11 = 2708, lane 12 = 10060, lane 13 = 2710. Family 011: lane 18 = 2011, lanc
19 = 2009, lanc 20 = 2013, lane 21 = 2012.Family 021: lan¢ 22= 1129, lane 23 =
1124, lane 24 = 1127, lane 25 = 1129, lane 26 = 2717. Families were used to allow the
assngnmcnr of DNA fragments to haplotypes based on segregation analysis. For example,
in family 004 (lancs 6 chrough 10), the facher (2015, a/b) (lane 6) carries a DRwS 2b(DRB 3)-
assoctated 12-kb fragmente (18] not observed in the mother (1183, ¢/d) (lane 7). This
tragment 1s obscrved in siblings expressing the b haplotype and not in a sibling expressing
the a haplotype (lane 8), thus assigning this fragment to the b haplotype. The remaining
haplotypes in family 004 encode DRw52a (c,d haplotypes) and DRwS2¢ (a haplotype)
alleles, as defined by T-cell clone typing, associated with 2 9.6-kb fragment. The dosage of
the DRw52a/c alicles is reflected in the intensity of the DRwS 2a/c-associated 9.6-kb band.
The sumuuation of the intensity of che 12- and 9.6-kb fragmentss from the father is similar
to the mother and sibling 1180 carrying two doses of the 9.6-kb fragment. In a similar
manner, the DRBI fragments ac 4.1 and 5.9 kb have been assigned to che ¢ (4.1-kb) and

- a/b/d (5.9-kb) haplotypes. The shared 2. 1-kb fragment carried by all HTCs aad individuals

expressing DRw52 haplotypes is likely the DRB2 pscudogene.

as the reference HTCs. Alchough several additonal restriction enzymes (EcoRI,
Hiadlll, Pscl, and BamHID were used in a pilot scudy using family 004 which

expresses DRwi3, DRwi2 and two DRwl1 haplotypes, none of the ¢nzymes ™
revealed the polymorphism present within the DRw6 and DRS haplotypes as

detected with Taqgl (data not shown).

DRuwl3 and DRl variants are observed using a series of alloantisera. The serologic
reaction patterns for DRw13, DRwll, and DRw12 for the four black families
studied by RFLP analysis, as well as unrelated black individuals, are defined in
Tables 3 and 4. Cells wre grouped based on their HLA-D type, DR and DQ
serologic patteras, and their family association. The serology was used to identify
variant alleles and to demonstrate the difficulty in defining DRwG6 and DRSS alleles

in the American black population.
DRw13 is clearly defined by THWS sera 1133, 1126, 1124 (Table 3) except
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TABLE 3 Serologic reacuon patterns for DRwl3, DRwl12, DQwl, DQwS,
and DQwO alloanusera for family members and representartive

unrelated American blacks.

CELLS ANTISERA

ORwll ORwiZ DRwl3 0Qw! 0Qwté  0Qw5S

G f GG H
R A .'c “Hs - ® ’ & @ L N A LO
0 ] HLA  TYPE 11C DAE 99 111 | 7 B E 1
u ! 114DCWL %0 111 11 6 £12
P L 113U018 95 322 S € 4 L 81
‘S Y o Ow ORw ORw DQ 347 CLLY g0 364 32 A LYCce
44 18,2 13.1,15  S2a w6 1142111 11 566 6 € 8 111
1 ol 2012 18, - 13.1,14 523,523  w6,wS | S D I A I 11 866 6 € 8 46 ¢
011 2009 18, - 13.1,11  S52a,52b w6, - BB8EGEEBBSE 11 86 6 6 E [3 1re

[=a]
o~
o
o
~N
(e -]
o
o

2 011 2013 19,- 13.2,14  52¢,52a  w6,wS 1111111 |

265 19,2 13.2,15 S2¢ w6, wh 11
3 . 1233 -,- 13,1 $2¢ w6 w5 114111 11 866 88 8 888
1235 -,- 13,7 52¢.953 w5, w2 1122412 11 888 58 I 646
] 1242 - NT 13,12 S2¢ w5 r1rz111 66 646 6 € 1 046
. 1083 -,- 13.9 52¢,53 w5, w2 1121121 22 B 86 €8 1 888
1560 -, - 13,17 52¢,52b w5,w2 1111111 11 886 6 & I 066
021 1126 -,1 13,1 52b wl w5 1121111} 1l 888 6 1 668
S 021 1125 -,- 13,11 520,52d w7l ,wl 888688842 11 888 11 1 111
021 129 -,1 11,1 52b w7 WS 8888821 11 888 88 1 668
014 2710 NT,- 12,18 §2b,52a w5,wd 1111111 88 114 8 6 1 66¢
014 1066 NT,- 12,8 S2b wS w7 1111111 88 444 8 6 1 866
014 2708 -,NT 13,12 52a,52b w2,wS 1188612 88 868 68 1 888
014 2704 -,- 13,8 52a w2 ,wl 1188111 11 626 11 1 111
6 0034 1183 -NT 13,12 52a,52a  wl,wS 1188411 88 888 08 1 888
004 1193 -,- 13,11 $2a,52¢  wl.wS 86888888 11 882 88 1 648
004 1198 -,NT 11,12 52b,52a  wl,wS 8888888 88 888 88 1 888
004 1181 -,- 13,11 523,520 w7, w? 88888838 12 888 11 1 111
004 1195 - ,NT 11,12 52¢,52a  w5.wS 8888888 88 116 88 1 668

HLA specificites are listed in che order of haplotype assocanon tor famidy members tsee Table 1) and ather
genotyped (°) individuals. Addigonal famidy membcers are included 1o alfow tdenthcation of dhe serolowe pattern
by s¢gregacion analysis.

- indicaces an HLA specificaty undetined by our seagenes. NT, not tested *, 1ich THWS alloanusera. The numbers
in the body of che table indicate the strength of the cytotoxic reaction (8 = 85¢, - L’/ cytotoxicany 0 = 5177 -84/ ;
4 = 210,507, 2 = 1195220001 = 07 =107 .0 = oo tested),

when the sera are tested with cells which express the DRwl v specificiey as
described below. A variant DRwl 3 allele mav be expressed by cells in group 6
(Table 3). In additon w0 reactivity wich DRw 13 alloantisera, these cells react
strongly with two DRwl 1 alloaatisera (CC437 and DUC) and weakly with one
DRw1 I alloantisera (GHDCOL), suggestng that chese cells may express a DRwl 3
variant (DRw13v1) which shares serologic determinants with DRw i 1. The subdi-
vision of DRw13 by serology parallels the ewo DRw I 3 alleles defined by RFLP
analysis of DRBI fragments, with the excepuon ot the DRw13G haplog, pe.
DRwl 1 can be clearly defined using alloanusera 1113, 1114, CC437, DUC,
and GHDCOL (Table 4). Two alloantsera, GHAWIL and SELBY. reproducibly
do not react with some DRw 1 -positive cells discriminating group 1 (negauve
with the alloantsera) from group 2 (positive with the alloantsera). Since DRwl1-
positive cells in group 2 are associated with DQwS or DQw7, this reacuvity
pattern is most likely derived from detection of the DRw1 1 molecule and suggests
the presence of a DRwl1 variant (DRwllv) in group 1. This variant DRw11
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UABLE 4 Serologic reacaoan pauerans tor famuly members and represeatative
unrclated American blacks who tlluscrace the two DRwl ]
subtypes detected by serology.

CELLS ANTISERA

ORwil ORwl3

6 F GG
R A th HHb * & %
0 M HLA TYPE 11C DAE 111
u I 1140CHWHKL 111
P L 1138018 322
S Y 10 Dw DRw DRw 0Q JarcLLy 364
021 1125 - - 11,13 52b,52b w7 ,wJ 8888342 888
1 021 1129 -,1 11,1 52b w7 WS 8888821 888
185 -,- i1,8 52b w7 w6 s8g88sgll 888
. 1563  -,- 11,18 52b,52a wl,wd 8888811 88¢6
1553 5,- 11 sZb wl w6 8888888 621
Z 1147 11,7 52b,53 wl w8 8888888 111
004 1195 -, NT 11,12 52¢,%22 wS,wS 8888888 116

See Table 3 for explanation of rerminology

-

parrern was confirmed using an additional 10 unrelated DRw ' biack individuals
(data not shown). HLA-DRwl lv-posiave cells (Table 4. group 1) also exhibit
positve reactivity with the DRwl 3 alloanasera. This cross-reacuvity suggests that
the DRwl lv carriecs DRwl3 ¢prtopes.

Cell 1198 (DRwll,wl2)(Table 3) does not ficinto any one of the two DRwl
serologic pacterns being detected with both the DRwl v (GHAWIL, SELBY)
and the DRw13 alloantisera and, thus, represents a third scrologic pattern. Two
alternatve explanadons may explain this reactvity: (1) cross-reacuvity of cech-
nique-dependent alloanusera with a cell heterozygous for two serologic specific-
ities similar c©0 DRw13 (DRwll wi2) or (2) a third DRwI1 serologic pattern
defining another DRwl 1 variaat. Since all of the haplotypes in this family are
DRS or DRwO, scgregation analysis 1s uninformaave. Indication chat the firse
explanation may be true is the weak reaction observed wich cell 1129
(DRwllv,wl3) with the DRwl lv alloancasera and cell 1195 (DRwll,wl2) wich
DRw13-specific alloanaserum 1124, This underscores the difficulty in typing
individuals who arce heterozygous for these closely related DR alleles.

DRw12 is clearly defined by the 10th IHWS monoclonal anubodies 9999 and
9050 (Table 3) as well as by DRwil2 + DRw8 alloandscra (data not shown);
however, no addidonal DR variauon was detected. Since onlv muluspecific alloan-
tiscra were available to define DRw L 1o was not possible to examine DRw 14 for
further serologic subdivisions.

DRt and DRS alleles are assaciated with varions DR1wS2 alfeles. Taql/DRB3
restricton fragmentes ac 9.6 kb and/or 12 kb were found i all DRwS2-positive
individuals studied and correlate with the DRw52a/b/c assignments made by T-
cell done typing (Fig. 1, Table 2). DRw13 is found in association with DRw52a,
DRw32b, and DRwS2¢c. DRwl4 s tound in association with DRwS5S2a and
DRw52b. DRwl 1 is found with DRw52b and DRwS2¢. DRw 12 is found with
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DRw5S2a and DRwS2b. Even though the disunctuion between DRwS2a and
DRw52¢ could not be made using Taql, cells expressing DRwS2¢ carry a 16.5-
kb Pvull/DRS fragment that 1s noc observed in cells expressing DRwS2a or
DRw52b (data noct shown). This fragment was detected in cells thac typed as
DRw52¢ posiave using a T-cell clone reagenc and is found 1n association wich
haplotypes DRwil1B, DRw!3C and DRwI3D. [An additonal haplotype,
DRwI13H (cell 1233 1n group 3, Table 3) carrying DRw13, DRwS2¢, DQw6
(IA76PA-posiave), D- also exhibics che 16.5-kb Pvull/DRS fragment. ] [nterest-
ingly, che expression of DRw2¢ by more than 60%, of DRw[3.D- individuals
and by one DRw I -posiave haplotype suggeses chac the hypothesis that DRwS 2¢
i alwavs assocced with DRwI3, Dwl9 (31] only applies to some population
Vand DRw12 are not always associated wich DRw9S 2h.

groups. Likewise, DRw
DRA. As previoushy observed {32}, DRA Belll fragmencs correlate well wich
DRwS2 subovpes: a1.5-kb tragmentis associated with the DRwS 2b allele whereas
a 4.2-kb fragmene is associated wich the DRwS2a allele (Table 2). DRwS2¢-
postave black individuals carry a 4.5-kb fragment (in haplotypes DRw13C,
DRwI3D, and DRwI1B) while the DRwS2¢-posiave DRw 13 HTC (SLE-009,
haplotype DRw 1) carries a 4.2-kb tragmenc. The association of DRwS2¢ wich
crther Belt/DRA polymorphic fragmenc imphies thac a reciprocal gene recombi-
nauon berween DRBS and DRA may have generated these combinations.

DRuwl 3 and DRw 11 are assocrated with multiple DO specificities. DRw1 3 is associ-
ated with DQwS, DQwo6, and DQw7 (Tabl¢ 2) in contrast to the DRwi3, DQwo6
associaton commonly observed  Caucasords [8). Most of the American black
individuals who type as D- exhibic che less common DQ associations. Two out of
27 unrclated DRwi 3-positve individuals on the panel (7%) express a DQw7-
associated DRw 3 haplotype which has been found in 297 of DRwl 3-positive
Caucasoids {8]. The DQwS- and DQw2-associated DRw1 3 haplotypes have not
been reported previously. The DQwS-associated DRw1 3 haplotype s found in
2279 of the DRwl3-positive American black panel and predominaces (46%.)
among the DRw 3 individuals typed as HLA-D-. The DQw2-associated haplotype
is found in 477 of che same panel. DRw14 is most frequently found in association
with DQwS on the panel as it is in the Caucasoid population {8].

In the American black cell panel, the DRwl 1 alleles are found associated wich
DQwS and DQw7 alleles. DRwll may also be found in association with DQwo6
(cell 1993 1in Table 4); however, an informative family is noc available to confirm
this. This haplotype (DRw 1 [,DQwG6) has been reported [HTC FPA, 10.33]) and
is designated haplotype DRwITE. (This haplotype was not analyzed for RFLP )
The DRwllv (Table 4, group 1) has been observed only in association wich
DQw7. DRwl1 is also found in association wich an undefined DQ allele, DQ-
(cell 2009), 1n once family (family O11). This DQ- allele exhibits an unusual
scrologic patcern wich DQw2 and DQw 3 alloaatisera in family scgregation analysis
(data not shown). Previously, DRw 11 was thought co be primarily associated with
DQw7. DRw12 s assocated with DQwS 1n American black individuals as ic s in
South African blacks [8.34). In populations of norchern European background,
DRw 12 15 found primanily in association with DQw7 {8].

Addrtional DQ diversity i detected vying RELP analysis. The polymorphisms of the
DQa and DQg regrons of the DRw6 and DR haplocypes were analyzed using
the same American black tamilies (Table 1) and HTCs as in the previous DRS
RFELP scction. DQa and DQg probes and a series of restriction enzymes were

used 1n chis study.
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FIGURE 2  Southern hybridization analvsis of DRw6/5-related haplorvpes in four Amer-
sican black famihies. Genomic DNAs were digested wich Tagl and probed widh a DQe
probe. HTCs and families are described in Fig. T {ARENT  a DRw i3, Dwi8 HTC, carried
both DQA2 gene fragments (1.8 and 2.0 kb) implying heterozygosity in the DQA2 gene. )

DQ«. 1nacomparison of the DQa-associated Taql gene fragmenes among differ-
ent families and HTCs (Fig. 2, Table 2), geag fragments specific for ¢ach DQ
serologic specificity were detected. Two different DQw5S-associated DQA 1 RFLP
patterns were observed. The first pattern exhibiting both 3.4- and 2.4-kb frag-
ments s tound in DQw5-postave DRw 14 (haplotypes DRwl4A and DRw14Q),
DRw12 (haplotypes DRw12B and DRw12C), and DR1 individuals (Fig. 2). The
second DQw5-associated pateern consisting of a 5.9-kb fragmenc is associated
with the DRwl 1-associated DQwS (haplotype DRw11B). Two DQw6 patterns
were identified. The firse, a 5.9-kb fragment, found in haplotype DRw13C, is
shared with the DQw5-positive DRw11 haplotype (DRwl1B) suggestng che
relatedness between these DQAL alleles. A second DQwo6-associated DQAL
gene fragment, a 6.5-kb fragment, is associated with DRw13A and DRwl13B
haplotypes.

A 4.3-kb DQw7 DQAT1 gene fragment is found in all of che DRw6 and DRS
individuals and HTCs carrying DQw?7. [A second pattern consisting of a 5.7-kb
fragment is associated wich the DRw8, DQw7 haplotype (families 014 and 021)].
The 5.1-kb fragment associated with DQw2 is also found associated with DQ-
(haplotype DRw11C) although DQ- differs from DQw2 when other reseriction
enzymes (EcoRl1, Hindlll, and Pstl) are used.

- Based on previous studies (321, 2.0- aad 1.8-kb Taql fragments encode the ™ ™0
nonexpressed DQA2 gene, and eicher one or both fragments were carried by all

HTCs and individuals investigaced (Fig. 2, Table 2). The RELP patterns obtained
using EcoRI, Hindl1l, and Pstl restriction enzymes showed DQa gene fragmencs
associated with DQwl, DQw2, and DQw 3 alleles but did not show polymorphism
within cach DQ specificity cluster (Table 2).

DQB. Using a DQP probe and the BamHI restriction enzyme, polymorphism
was detected at the DQg loci (Fig. 3, Table 2). Two different DQwo6-associated
DQgB gene fragment patterns were identified. One pattern consisting of fragments
ac 3.2 and 7.5 kb is associated with DRw13A and DRwI13B haplotypes. The
second patcern, a single 7.5-kb fragment, is associated with the DRw13C haplo-
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FIGURE 3 Southern hybridizaoon analvsis of DRwWO/5-cclated haplotypes in four Amer-
ican black families. Genomic DN As digested with BamHi were probed with a DQ probe.

HTCs and families are described in Fig 1

type. Although the possibility cannot be ruled out chat these polymorphic frag-
ments have originated from the nonexpressed DQB2 gene, this seems unlikely
since the DQB2 gene appears o be conserved {351

BamHI/DQg gene fragmencs specific for the DQ-. w2, w5, and w7 serologic
spectficities were also detected. A 4.5-kb fragment is associated with DQw2 and
DQ-, although DQ- differs from DQw 2 when Taql is used (7.2-kb Taql fragmend/
DQw2 and 3.9-kb Taql fragment/DQ-). Using Taql, DQg gene fragments specific
for cach DQ supertypic serologic speciticity (DQwl, DQw2, and DQw3) were
identfied. However, discrimination between DQw6 (expressed by haplocype

DRwI13C) and DQwS5 (e¢xpressed by haplotypes DRw1l4A, DRwl14C, DRwi2B,

and DRw12Q) alleles was not possible since both groups share a 5.7-kb DQgR
fragment (Table 2). RFLP paterns using other restriction enzymes (Pvull and
EcoR1l) and family 004 1n a pilot study did not show any additional polymorphism

(data not shown).

Twoe DQu6 rariants are also detected using alloantisera. The serologic reaction
pateerns for DQwl, DQwo6, and DQw5 are shown in Table 3. DQwS is defined
by reactivicy wich alloanusera BELL, LEIBY, and 01210. DQw6 is defined by
positive reactions wich IHWS DQwl sera (1153, 1162) and negative reactions
with DQw) sera. HLA-DRw1 3-posiave cells, which type with HTCs as Dwl18 or
Dwi9 (groups | and 2), are associaced wich DQwo6. One alloancdiscrum, lA76PA,

reacts with DRw13, Dwl8-positive cells (group 1) but not wich DRwl 3, Dwi19- .

positive cells (group 2). Lysostripping was emploved to idencfy the class 11
molccule recognized by alloanuserum TA76PA. Results of lysostripping using
monoclonal andbodies specific tor DR, DQ. DP and 8-2 microglobulin indicate
thac alloanuserum TA76PA reacts with DQ molecules and not with DR or DP
molccules (Fig. 4). This ability to discriminate beeween DQw6 associated with
Dwi18 or Dwl9 was confirmed in a larger sample (11 unrelated individuals)
expressing HLA-DwI8 or Dwl9 (data not shown). Several unrelated DR13,D-
blacks represented by cell 1233 (DRw13, DRw52¢c, DQwG6, D-) are also positive
with alloantiserum 1A76PA defining.group 3 in Table 3. This defines haplotype
DRw13H. (This haplotype could not be studied by RFLP analysis because an
informative family was nort available.) The DQw6 subdivision parallels the split
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Jdenned using the DQa and DQ probes and correlates with cDNA sequence data
{36} defining two different DQwG6 molecules associated wich these haplotypes.
DISCUSSION

K. W. Lee et al.

This study demonstrates the diversity of DRw6 and DRS haplotypes in American
blacks using serology, HTC typing, and RFLP analysis. The similarity between
DRw13 and DRwll DRBI1 alleles in nucleotide sequence and the hiscorical
association of DRwl14 and DRw12 wicth these alleles provide a rationale for

studving DRwG and DRSS haplotypés as a single group. In addition to the DRw6

and DR haplotypes, which are already well defined and represented by HTCs
(haplotypes DRw13A-wl13C, DRwl4A-wli14B, DRwllA, and DRwl2A), 5
DRwi13 (DRwI3D-wl3H), | DRwl4, 3 DRwll (DRwl1B-wl1D), and 2
DRw12 haplotypes were identified. These new haplotypes were defined in a
relaavely small sample size (57 DRwO6- and/or DRS-positive individuals out of
105 unrelated black individuals). This level of diversity is extremely high and is
the result of variability ac che level of the allele and ac the level of the haplotype.

Potenaally, atleast two new DRw1 3 alleles were identified in chis study. Unlike
DRwl13 HTCs, cells expressing DRwi3E, DRw13F and DRw13G haplotypes
exhibita DRwl L-like 5.9-kb Taql/DRBI fragment (Table 2) although chey sero-
logically type as DRwl3. [A similar fragment has been identified in the HTC
HAG (DRwl13, DQw7) using Taql and a DR probe {37].] The DRw13E and
DRw 1 3F haplotypes (Table 3, group 6) show a unique pattern of serologic activity
reacting with two out of seven DRwl 1 alloanascra in addition to DRw13 alloana-
sera, suggestng that they encode a new DRw 13 variant (DRwl3vl). Alchough
the DRw13 serologic reactivity pattern was indistinguishable from DRw1 3 refer-
ence cells (Table 3), haplotype DRw13G shows the same DRA, DRB1, DRB3,
DQa. and DQB RFLP fragments as the DRwi 1A haplotype (HTC 1DF) (Table
4). This suggests that this DRw13 allele may be a second new DRwl3 variant
(DRw13v2). These two DRw13 variants may have been generated by gene conver-
sion events affecting the DRwl1 haplotype and resulting in the loss of some
of the DRwl1 serologic determinants and the acquisition of DRw13 serologic
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recacavity. Similar events have been postulated to generate the DRw17 [20] and

-DR'BON' {381 DRBI alleles.
While che serologic data suggest at least two subtypes of DRwl1 are present

in the black population (Tables 3 and 4), no variation was observed in the DRw1 1
.. ... DRBIRELP pactern (Table 2) in this study. These DRw11 subtypes may correlace

"~ - wicth somé of the DRw11 microvariants ldennﬁed’by c¢DNA-sequencing £39.40 o
41]. Gene conversion may also have ‘given rise to' the DRwllv allele which
exhibits a serologic reactivity pattern similar to the DRw1 3 variants. It is known
that one DRwl1 allele defined by cDNA sequencing shares the chird variable
region wich DRw13 [39], which could produce the observed scrologic reactiviey
pattern. Thus, the DRwl3v and DRwllv alleles associated with DRw13E.
DRwI3F, DRwl3G, and DRwl1D haplotypes represent a bridge berween
DRwl13 and DRwll in the evolutionary pathway of the DRw32 family.

Polvmorphism was not detected in the DRBI1 alleles from cthe other DRwl 3
haplotypes (DRw13A—w13D) and all DRw14 haplotypes (DRw14A—-w]-C) us-
ing serology (Table 3, groups 1—-4) and RFLP analysis(Table 2), although micropo-
lymorphism of DRB1 has been identified by cDNA sequence analysis {20,21,39,
42}, In the DRw12A-w12C haplotypes, polymorphism was not idendified in
the DRB1 locus by either serology or RFLP analysis (Tables 2 and 3). This was
not unexpected since only a single DRwl2 DRB1 scquence has been reported
{43].
DQ alleles also showed previously undescribed polymorphism. A potenually
new DQ allele (DQ-) in haplotype DRwl11C was identified by serologic typing
and confirmed by its association with unique RFLP DQa and DQg fragments
(Table 2). Moreover, the DQw) allele associacted wich haplotype DRw11B exhib-
its a new DQa and DQgB combination exhibiting a DQa fragmenc found previously
in cells expressing DQwG6 and a DQg fragment previously found in cells expressing
DQw5. This combination may have been generated by reciprocal recombination
between DQAL and DQBI alleles, events postulated to generate some of the
DQw3 [44] and DQw4 [25] alleles.

These DRwG6 and DR S haplotypes, specifically DRwl3 and DRwl l contain a
variety of combinations of DRBI1 alleles with DRB3, DQA1 and DQBI1 alleles.
Since both DRw52 and DQ molecules may play a role in the mixed leukocyre
culture defined HLA-D specificity [45,46], it is likely that the undefined HLA-D
specificities detected in the DRwG6 and DRS haplotypes arise from differenc DR/
DRw52/DQ allele combinations compared to haplotypes defined by HTCs, as
well as from differences in the DRBl-encoded molecules. For example, the
DRwl4, DRw52a, DQwS, D- haplotype (DRw14C) encodes DRwS2a in contrast
to the previously described DRwi4A haplotype (DRw14, DRw52b, DQwS5,
Dw9). Since the DRw14C haplotype shares DRB1, DQa and DQG DNA restric-
ton fragments with an HTC expressing the DRwi14A haplotype and is serologi-
cally identical to this HTC, it is likely that the DRw52 allelic difference benween
the DRw14A and DRw14C haplotypes may produce the undefined HLA-D
specificity found in the DRw14C haplotype. Likewise, the undefined HLA-D
specificity in haplotype DRw11C may be due to the association of DRw 1 with
DQ- instead of the usual DQw7 allele. Haplotype DRw 13D is anocher example
where the only recognizable difference between this haplotype and the DRw13C
haplotype appears to be a DQ difference (DQwS versus DQw6). Confirmation
of these predicaons using cDNA sequence analysis 1s currendy underway.

These data—the association of DRwG6 and DR alleles wich many of the DQ
and DRw52 alleles—suggest that 2 high rate of reciprocal recombination was
involved in generating cthese haplotypes. Thus, historic recombinations are postu-
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lated to have occurred between DRA and DRB3 (e.g., haplotype DRw13C),
DRB3 and DRBI1 (e.g., haplotypes DRw13A/wl13B and DRwi2B/w12C), DRB1
and DQAL (e.g., haplotype DRw12A/w12C), and DQA1 and DQBI (e. g haplo-

type DRwl1B).

In addition to the serologic and RFLP similaricies observed between DRwl}_ .
- and DRwl l.alleles; the high-frequency of hetérozygotes ‘expréssing twd. DRwG
~and/or DRS5 alleles (due to the high frequency of DRwG and DRS haplotypes in

American blacks) increases the difficulties encountered in serologic typing of chis
populaton. This situation 1s compounded by che diverse combinations of class 11
alleles encoded by a haplotype so that a common DQ or DRw52 association

- cannot be used as an aid 1n specificity assignment. HLA typing is critical in the

American black population where the high risk of hypertension frequendy leads
to ¢nd-stage renal disease {477, for which the therapy of choice 1s kidnev trans-
plantation. Therefore, precise characterization of DRw6 and DRS haplotypes in
the American black population and the development of new typing protocols
uttlizing muluple typing techniques is important in improving long-term grafc
survival 1n this populauon.

ACKNOWLEDGMENTS
This study was supported by NIH A123371 and ONR N00014-83-K-0410. We would

like to thank members of our laboratories for their assistance in the procuremenc of cells
and the serologic and cellular typing. -

REFERENCES

L. Schwarez R: T-lymphocyte recognition of aatigen in association with gene praduces of

the major histocompatibilicy complex. Ann Rev Immunol 3:237, 1985.

Bach FH, Sachs DH: Transplantation immunology. New Engl | Med 317:489, 1987.

3. Todd JA, Acha-Orbea H, Bell JI, Chao N, Fronek Z, Jacob CO, McDermoru M. Sinha
AA. Timmerman L, Steinman L, McDevitt HO: A molecular basis for MHC class
associated autoimmunity. Science 240:1003, 1988.

4. Brown]JH, Jardetzy T, Saper MA, Samraoui B, Bjorkman PJ, Wiley DC: A hypothetical
model of the foreign antigen binding site of class If -histocompaubility molecules.
Nacure 332:845, 1988. .

5. Rollin1 P, Mach B, Gorski J: Linkage map of three HLA-DR 8 chain genes: Evidence
for a recent duplication event. Proc Natl Acad Sci USA 82:7197, 1985.

6. Bodmer WFE, Albert E, Bodmer JG, Dupont B, Mach B, Mavr WR, Sasazuki T,
Schreuder GMT, Svejgaard A, Terasaki PI: Nomenclacure for factors of the HLA
system, 1987, In Dupone B (ed): Immunobiology of HLA. Histocompatibiliey Testing,
1987. New York, Springec-Verlag, 1989,

", Gorski ], Irle C, Mickelson EM, Shechy MJ, Termijeelen A, Ucla C, Mach B: Correla-
tion of structure with T cell responses of the three members of the HLA-DRwS?2
allelic series. J Exp Med 170:1027, 1989. 7

8. Schreuder GMT, Gebuhrer L, Lepage V. Pask SL, de Lange P, Beutel H, Degos L,
Awad J, Du Toit E, Grumer FC: Antigen socicty no. 25 report (DRw6, DRwl3,
DRw14). In Dupont B (ed): Immunobiology of HLA. Histocompatibility Testing
1987. New York, Springer-Verlag, 1989.

9. Schreuder GMT, Kennedy LJ, Gebuhrer L, Awad J, Betuel H, Degos L, Jeannec M:
Andgen report: HLA-DRw6 and its subgroups HLA-DRw13 and HLA-DRwl4. In

v

o a _ceed e




Complexity of DRw6 and DRS Haplowypes

10.

217

Albert ED, Baur MP, Mayr WR eds): Histocompatibilicy Tesung 1984, Berlin, Spriug-
er-Verlag, 1984.

Sustay P, Layrisse Z, Singal DP, Svejgaard A, van den Berg-Loonen E, Dohi K,
Caraballo L, Chiewsilp P, Colombe B, Fauchet R, Haas E, Hammoad MG, Jakobsen
BK, Knight S, Lee J, Mervary H, Schreuder GMT, Sullivan K: Antigen society no.

" 24 report (DRWTT, “DRw12," DR wS8). Tn Dipont’ B tedy: Tmmuno‘blofogv of HCA.

Il

14.

15.

16.

17.

18.

24.

H!stocomp.mbxhtv Testng 1987, New York, Springer-Verlag, 1989.

Betuel H. Gebuhrer L. Schreuder GMT, Goldmana SE, Arnaiz Villena A, Layrisse Z:
Antgen report: HLA-DRS and s subtypes HLA-DRw 11l and HLA-DRwl12. In Albert
ED, Baur MP. Mayr WR (eds): Hiscocompaubility Tesung 1984, Berlin, Springer-
Verlag, 1984,

Sullivan K. Amos D: The HLA system and its detecuon. In Rose N, Friedman H.
Fahey J (eds): Manual of Cliaical Laboratory Immunology, 3rd ed. Washington DC,
1986. American Society for Microbiology, 1980.

Johnson AL Amos B, Grier J, Ward I: Enrichment of B lymphocytes using an antithuman
Fab"), monolaver. In Terasaki P (¢d): Histocompaubility Testing 1980. Los Angeles,
UCLA Tissue Typing Laboratory. 1980

Thorsby E. Piazza A: Joint report from the Sixth International Histocompatibility
Workshop Conterence. 11. Typing tor HLA-D (LD-1 or MLC) determinants. In Kiss-
meyer-Nielsen F (ed): Histocompaubility Testing 1975. Copenhagen, Munksgaard,
1978.

Harzman RJ, Segall M, Bach ML, Bach FH: Histocompatbility matching. Vi, Minia-
turization of the mixed leukocyte culture st A preliminary report. Transplanation
11:268, 197 1.

Ryder L, Thomsen M, Placz P, Svejgaard A: Daca reduction in LD-typing. In Kissmey-
er-Nielsen T (ed): Histocompatibility Tesung 1975, Copenhagen, Munksgard, 1975.
Radka SF: Monoclonal antbodies to human major histocompatdibility complex class 11
antigens. CRC Critical Rev Immunol 8:23, 1987,

Termiujtelen A, Tilanus MG]J, Engelen 1, Koning F, van Rood JJ: Molecular localization
of LB-Q1, a DRw52-like T-cell recognition epitope and identification ar che genomic
level of associated shared hybridizing fragmenes. Hum Immunol 19:295, 1987.
Eckels D, Hartzman R: Characterization of human T-lymphocyte clones (TLCs) specific
for HLA-region gene products. Immunogenetics 16:117, 1982,

Gorski J, Mach B: Polymorphism of human la anugens: Gene conversion between
two DR B loci results in a new HLA-D/DR specificity. Nature 322:67, 1986.

. Gorski ], Eckels DD, Tiercy J-M, Ucla C, Mach B: Sequence analysis of the DRwl 3

B-chain genes: The Dw19 specificicy may be encoded by the DR bera 111 locus. In
Dupont B (ed): Immunobiology of HLA. Histocompatibility Testing 1987. New York,
Springer-Verlag, 1989.

Sugden B, Mark W: Clonal transtormanion of adule human leukocytes by Epstein-Barr
virus. | Virol 23:503, 1977.

Hayanes BE, Mann DL, Hemler ME, Schroer JA, Shelhamer JH. Eisenbarth GS,
Strominger JL, Thomas CA, Mostowski HS, Fauci AS: Characeerization of a mono-
clonal anubody chat defines an immunoregulatory T cell subset for immunoglobulin
synchesis in humans. Proc Nacl Acad Sci USA 77:2914, 1980.

Hoffman RA, Kung PC, Hansen WP Goldstein G: Simple and rapid measurement of
human T lvmphocytes and cheir subclasses in peripheral blood. Proc Natl Acad Sci

USA 774914, 1980.




218

25.

33.

34.

K. W. Lee e al

Hurley CK, Gregersen PK, Steiner N, Bell J, Hartzzman R, Nepom G, Silver |,
Johnson AH: Polymorphism of the HLA-D region in American blacks: A DR 3 haplo-
type generated by recombinadion. J Immunol 140:885, 1988.

. Southern E: Detection of specific sequences among DNA fragments separated by gel
.glcctrophorgsm _] M()l BlOl ‘)S 5()3. .‘1975 . . 5
Hurcley CK Grcg(_rscn PK, Gorskl 1. Stuner N Robbms FM Hartzman R _]ohnsnnlv'
AH, Silver J: The DR3(w18), DQw+4 haplotype differs from DR 3(w17), DQw2 haplo- -

types at muluple class 11 loci. Hum Immunol 25:37, 1989.

Bell JI, Denney D, MacMurray A, Foster L, Wading D. McDevite HO: Molecular
mapping of class [1 polymorphisms in the human major histocompatibility complex.
[. DR 8. ] Immunol 139:562, 1987,

Hongming F. Tilanus MGJ, Van Eggermond MCJ A, Giphart MJ: Reduced complexiy
of RFLP for HLA-DR typing by the use of a DRB3" ¢cDNA probe. Tissue Andgens
28:129, 19806.

. Feinberg A, Vogelstein B: A technique for radiolabeling DN A restriction endonucle-

ase fragments to high specific activity. Anal Biochem 137:266, 1984,

Ticercy J-M, Gorski ], Bewuel H, Freidel AC, Gebuhrer L. Jeannet M, Mach B: DNA
typing of DRwo6 subtypes: Correlavon with DRB1 and DRB3 allelic sequences by
hybridization with oligonucleotde probes. Hum Immunol 24:1, 1989.

. Gorski ], Niven M], Sachs JA, Mach B, Cassell PG, Festenstein H, Awad J, Hitman

GA: HLA-DRa, -DXea. and DRGIII gene assocaanon studies in DR 3 individuals. Hum
Immunol 20:273, 1987.

Gregersen PK, Kao H, Nunez-Roldan A, Hurley CK, Karr RW, Silver J: Recombina-
uon sites in the HLA class 11 region are haplotype dependent. J Immunol 141:1365,
1988.

DuToit ED, Oudshoorn M, Martell RW, MacGregor KJ: HLA-DRw6 and its complex-
ity. In Dupont B (ed): Immunobiology of HLA. Histocompatibility Testing 1987.
New York, Springer-Verlag, 1989.

MacMurray AJ, Bell J1, Denney D, Watding D, Foster LS, McDevite HO: Molecular
mapping class Il polymorphisms in che human major histocompatibilicy complex. 1.
DQ B. ] immunol 139:974, 1987.

. Todd JA, Beli JI, McDeviee HO: HLA-DQ B gene contributes to susceptibility and

resistance to insulin-dependent diabetes mellitus. Nature 329:599, 1987.

Tilanus MGJ, Schreuder GMT Pawelec G, Giphart MJ: The HLA-DwHAG specificicy
is defined by DR 8 ¢DNA hybridization as a hybrid haplotype carrying DRS and
DRwG determinanes. Tissue Antgens 29:168, 1987.

Bidwell JL, Bidwell EA, Sansom DM, Klouda PT, Bradley BA: The origin of HLA-
DR"Br": Exon 2 nucleotide sequence implicates possible gene conversion of DR1 by
DR4-Dwl10, DRS. or DRw6-Dwl18. Hum Immunol 26:191, 1989.

Bell JI, Denney D, Foster L, Bele T, Todd JA, McDeviee HO: Allelic variation in the
DR subregion of che human major histocompadibilicy complex. Proc Nad Acad Sai
USA 84:6231, 1987,

. Tieber VL, Abruzzini LF, Didier DK, Schwartz BD,-Rotwein P: Complete characeeriza-

tion and sequence of an HLA class T DR 8 chain ¢cDNA from the DRS haplotype. )
Biol Chem 261:2738, 19806.

. Stcimle V, Hinkkanen A, Schlesier MsEpplen JT: A novel HLA-DRBI sequence from

the DI wil haplotype. Immunogenetics 28:208, 1988.

. Gorski J: First domain sequence of the HLA-DRBI chain from two HLA-DRwl 4




Complexity of DRw6 and DRS Haplotypes 219

43.

44.

46.

47.

homozygous typing cell lines: TEM (Dw9) and AMALA (Dwl16). Hum Immunol
24:145, 1989.

Navarrete C, Seki T, Miranda A, Winchester R, Gregersen PK: DNA sequence
analysis of the HLA-DRw12 allele. Hum Immunol 25:51, 1989.

Song QL. Gregersen PK, Karr RW, Silver J: Recombination between DQ a and DQ
B genes generates human histocompaubility leukocyte antigen class [I haplotype
diversity. J Immunol 139:2993, 1987.

. Bach FH: The HLA class Il genes and products: The HLA-D region. Immunol Today

6:89, 1985.

Sterkers G, Zeliszewski D, Freidel AC, Gebuhrer L, Betuel H, Levy JP: Boch HLA-
DR and HLA-DQ determinants contribute to HLA-Dw typing. Hum Immunol 20:222
1987.

Rostand SC, Kirk KA, Ructsky EA, Pate BA: Racial differences in the incidence of
treatment for end-stage renal disease. New Engl ] Mced 306:1276, 1982.




